Prevalence and clinical impact of viral respiratory tract infections (VRTIs) on community-acquired pneumonia (CAP) has not been well defined so far. The aims of this study were to investigate the prevalence and the clinical impact of VRTIs in patients with CAP. Prospective study involving adult patients consecutively admitted at medical wards for CAP and tested for VRTIs by real-time PCR on pharyngeal swab. Patients' features were evaluated with regard to the presence of VRTI and aetiology of CAP. Clinical failure was a composite endpoint defined by worsening of signs and symptoms requiring escalation of antibiotic treatment or ICU admission or death within 30 days. 91 patients were enrolled, mean age 65.7 ± 10.6 years, 50.5% female. 62 patients (68.2%) had no viral co-infection while in 29 patients (31.8%) a VRTI was detected; influenza virus was the most frequently identified (41.9%). The two groups were similar in terms of baseline features. In presence of a VRTI, pneumonia severity index (PSI) was more frequently higher than 91 and patients had received less frequently pre-admission antibiotic therapy (adjusted OR 2.689, 95% CI 1.017-7.111, p = 0.046; adjusted OR 0.143, 95% CI 0.030-0.670, p = 0.014). Clinical failure and antibiotic therapy duration were similar with regards to the presence of VRTI and the aetiology of CAP. VRTIs can be detected in almost a third of adults with CAP; influenza virus is the most relevant one. VRTI was associated with higher PSI at admission, but it does not affect patients' outcome.
Introduction
Community-acquired pneumonia (CAP) is a common cause of hospitalisation and one of the main infectious causes of mortality worldwide [1] [2] [3] . In Europe, up to 32% of patients with CAP are hospitalized every year and the CAP mortality rate reaches 9.1% [4, 5] . Streptococcus pneumoniae is the main aetiologic agent of CAP, being responsible for two thirds of cases, but other pathogens such as Haemophilus influenzae, Moraxella catarrhalis, Chlamydophila pneumoniae, Mycoplasma pneumonia, Legionella spp. and Staphylococcus aureus are frequently involved [2] .
Respiratory viruses (which include rhinovirus, metapneumovirus, adenovirus, coronavirus, respiratory syncytial virus, influenza and parainfluenza viruses) have increasingly been recognized as causes of respiratory tract infections [6] . Whilst epidemiology and clinical features of viral respiratory tract infections (VRTIs) were mainly explored in children and outpatients [7, 8] , a few data show increasing prevalence rates also in hospitalized patients, particularly in elderly and in presence of comorbidities such as asthma, chronic obstructive pulmonary disease or immunosuppression [9] [10] [11] .
The recent development and diffusion of nucleic acid amplification tests (NAATs) on respiratory samples have improved the ability to diagnose multiple upper and lower VRTIs, possibly affecting prevalence estimates [12] . Compared to classical microbiological techniques, NAATs allow earlier and more sensitive diagnosis [13, 14] , providing clinical advantages in terms of length of hospitalization, infection control and antibiotics use [15, 16] . However, in non-intubated hospitalized adults with CAP, lower respiratory tract sampling is not easy to obtain and VRTI diagnosis usually relies on nose-throat swabs, affecting the clinical significance of identified viruses [17] .
Beyond viral CAP, upper VRTIs predispose to pulmonary bacterial infections as they cause bronchoconstriction, increase mucus production [18] [19] [20] , decrease the efficiency of muco-ciliary clearance [21] , damage respiratory mucosa and cause leukocytes dysfunction [19] . Data from both in vitro animal models and clinical experiences have demonstrated that influenza and other VRTIs are risk factors for pneumococcal pneumonia, both in adult and paediatric population [22] [23] [24] [25] [26] . In spite of improved viral diagnosis and well-known pathophysiology, data on the clinical impact of VRTIs on CAP are controversial and some authors reported higher mortality rates [17] .
The primary aim of this study was to investigate the prevalence of VRTIs in a prospective cohort of adult patients hospitalized at medical wards for CAP; the secondary aims were to describe patient's features and outcomes according to the presence of VRTI and the aetiology of CAP.
Methods

Study cohort
We prospectively enrolled all adult patients consecutively admitted for CAP and tested for VRTIs at two medical wards (Infectious Diseases and Internal Medicine Unit) of Policlinico San Martino-IRCCS, Genoa, Italy, from November 2016 to February 2018. Patients having nosocomial pneumonia (i.e. developed at least 48 h after hospital admission) and those diagnosed with opportunistic pulmonary infection were excluded.
Definitions
CAP was defined as acute lower respiratory tract infection characterized by the presence of two or more signs and symptoms (among fever, cough, dyspnoea, pleuritic pain, crackles or bronchial breath at pulmonary auscultation), associated with at least one among (a) radiological findings (opacity or infiltrate at radiography or computed tomography interpreted as pneumonia by the attending physician), (b) serum levels of inflammatory markers above normal values and (c) neutrophilic leucocytosis, in patients hospitalized no longer than 48 h [1] .
The definitive bacterial aetiology for CAP was defined as (1) identification of an aetiological agent in the blood and/ or pleural fluid and/or bronchoalveolar lavage (with > 10 5 colony-forming units/ml; (2) detection of Legionella pneumophila spp. or S. pneumoniae antigen in the urine; (3) positive PCR for Legionella spp., M. pneumoniae or Chlamydia spp. on pharyngeal swab and/or bronchoalveolar lavage. Presumptive bacterial aetiology was defined by positive culture on sputum or positive PCR for H. influenzae, Bordetella spp. or S. pneumoniae on pharyngeal swab [27] In case of VRTI, CAP was considered of possible viral origin (or mixed origin in the presence of concomitant bacteria identification).
Antibiotic treatment escalation was defined as enhancing the anti-bacterial spectrum switching to or adding another molecule after at least a full 48 h-course of an initial, inhospital treatment, with the exclusion of targeted treatment. Clinical failure was defined as (1) antibiotic treatment escalation; (2) worsening of signs and symptoms of pneumonia requiring ICU admission; (3) death within 30 days. In addition, the total time of antibiotic exposure (TTA) was calculated.
Study procedures
For each patient, the following information was collected: demographic data (i.e. age, gender, country of origin), comorbidities (i.e. concomitant pulmonary or extrapulmonary diseases), chronic therapies for concomitant diseases, influenza and S. pneumoniae vaccination status, antibiotic therapy, results of radiological investigations (i.e. chest X-ray or computed tomography), biochemical tests (white blood cells, C reactive protein and procalcitonin) and outcome.
For every patient, the presence of VRTIs was ascertained with multiplex real time-polymerase chain reaction (RT-PCR) on pharyngeal swab (Allplex TM Respiratory Panel Assay, Seegene, Seoul, South Korea) [28] . On the same sample, RT-PCR for S. pneumoniae, H. influenzae, C. pneumoniae, M. pneumoniae and B. pertussis was performed.
Microbiological findings from conventional tests (i.e. blood culture, sputum and broncoalveolar fluid culture, S. pneumoniae and L. pneumophila urine antigen detection, serology for intra-cellular bacteria) were also analysed. Given the non-interventional nature of the study, bronchoalveolar lavage for microbiological tests was not systematically performed, but nonetheless available results were collected.
CURB-65 score > 2 and Pneumonia Severity Index (PSI) class IV-V (i.e. ≥ 91) at admission [29, 30] were evaluated to assess CAP severity at clinical presentation.
Being an observational study, treatment was decided by the physician in charge according to the usual standard of care. Clinical outcome, according to the aforementioned definitions, was recorded for each patient.
Before analysing the study results, all the cases were reviewed by independent observers who verified their correct classification in the study definitions.
Statistical analysis
Statistical analysis was mainly descriptive. Patients' features, pneumonia severity scores were evaluated according to the concomitant presence of a VRTI and aetiology of CAP. Categorical variables were compared with Chi-square test or Fisher's exact test, when applicable. Continuous variables were compared with Mann-Whitney and ANOVA tests. A value of p < 0.05 was considered statistically significant. Variables significantly (p < 0.05) associated with the presence of a VRTI and the aetiology of CAP at previously mentioned tests were evaluated by multivariate logistic regression models. The same statistical tests were used to evaluate if the presence of a VRTI, the aetiology of CAP and patients' features were associated with outcome variables, such as clinical failure and TTA.
Statistical analysis was carried out using SPSS.
Ethics
The study protocol was approved by the Local (Ligurian Region) Ethic Committee. Upon enrolment all patients signed a dedicated informed consent.
Results
Study cohort
During the study period, 99 patients were admitted for CAP. Of them, 8 were excluded because of the diagnosis of opportunistic pulmonary infection (n = 3) and missed testing for VRTIs (n = 5). Thus, 91 patients with CAP and tested for VRTI by pharyngeal swab were finally included in our study ( Fig. 1 ).
Patients' characteristics at baseline are reported in Table 1 . Briefly, mean age was 65.7 ± 10.6 years; 46 (50.5%) of them were female. Overall, 86 patients (94.5%) were of Caucasian origin. The majority of CAP (75/91, 82.4%) occurred during autumn/winter. Cardiovascular disease was At least one bacterium was documented in 27 patients (30%) with CAP. The most frequently identified bacterium was S. pneumoniae (n = 16, 53.3%), followed by H. influenzae (n = 4, 13.4%) ( Table 2 ). Bacterial diagnostic samples considered were sputum (n = 13), blood (n = 6), urine (n = 6) and bronchoalveolar lavage (n = 2). Nine sputum samples were collected in patients without pre-hospital antibiotic treatment.
Of the 27 definitive/presumptive bacterial CAP, 8 (30%) were found with a concomitant VRTIs, thus they were possibly caused by mixed viral and bacterial infection. Influenza virus was identified in 4 (virus A = 3, virus B = 1), rhinovirus in 2, parainfluenza virus in 1, rhinovirus and parainfluenza virus in 1 case. In 21 cases, viruses were the only pathogens identified and were thus considered as possible causes of CAP. The remaining 43 cases were considered of unknown aetiology because neither bacteria nor viruses were isolated.
Distribution of viral and bacterial pathogens identified is summarized in Table 2 .
Analysis according to the presence of VRTI and aetiology of CAP
Comparing patients with and without VRTI, no statistically significant differences were found in terms of age, gender, origin, smoking and alcohol habits, influenza and S. pneumoniae vaccination status, number and type of comorbidities, modes of admission to hospital, CURB-65 score at admission, presence of bacteraemia, pneumonia radiological features or interval between onset of symptoms and hospital arrival (Table 3 ). VRTIs were slightly more frequently diagnosed in autumn and winter, although difference was not statistically significant (93.1% vs 77.4%, p = 0.081). In presence of VRTIs, PSI at admission was more frequently higher than 91 (20/29, 69%, vs 27/62, 43.5%, p = 0.027) and patients received less frequently pre-admission antibiotic therapy (2/29, 6.9%, vs 22/62, 25.5%, p = 0.004). Including both these variables in a multivariate model, they remained statistically associated to the presence of VRTI (adjusted OR 2.689, 95% CI 1.017-7.111, p = 0.046; adjusted OR 0.143, 95% CI 0.030-0.670, p = 0.014, respectively) ( Table 3) .
Patients' features were also evaluated with regards to the aetiology of CAP after exclusion of those patients with unknown aetiology. Bacterial (both diagnosed with definitive and presumptive criteria), possibly viral and mixed CAPs were similar in terms of demographic and radiologic features, immunosuppressive status, CURB and PSI score at admission (p > 0.05).
Treatment and outcome
Overall, 24 patients (27.5%) received home antibiotic therapy before hospital admission, whilst the remaining patients received first-line antibiotic treatment only thereafter.
In-hospital antibiotic treatment included a beta-lactam in 78 cases (86%). Of them, 26 (33%) were treated with piperacillin/tazobactam. Antibiotics active against intracellular bacteria were used in 39 cases (25 macrolides, 22 of whom in association with beta-lactams, and 15 fluoroquinolones, 14 of whom as monotherapy).
With regard to antiviral treatment, 9 patients received empirical treatment with oseltamivir, that was early withdrawn in 4 patients who had no confirmed influenza infection by PCR. Ribavirin, after a thorough assessment of risk-benefit analysis, was not administered in any of the 5 patients (2 with underlying hematologic malignancies) with respiratory syncytial virus-B infection.
Overall, clinical success was recorded in 72 patients (79%). Among the 19 patients who experienced clinical failure, 17 required antibiotic escalation (involving an anti-MRSA agent in 6 cases), of whom 3 required invasive ventilation and Intensive Care Unit admission. Three patients died. Of them, the first was a 73-year old man with S. pneumoniae infection who died in ICU, the second a 51-year old HIV-positive man with respiratory and cardiovascular disease who developed Pseudomonas aeruginosa pneumonia and the third a 91-year old man with myelodysplastic syndrome and chronic kidney disease with a lobar pneumonia and rhinovirus identified on pharyngeal swab.
Clinical failure was not influenced by the presence of VRTI and aetiology of CAP. The only variable associated to clinical failure was baseline PSI higher than 91 (OR 3.31, 95% CI 1.08-10.16, p = 0.036). TTA was similar irrespective to the presence of VRTI (mean ± SD 11.3 ± 4.0 versus 12.3 ± 6.4 days, p = 0.55, in patients with and without VRTI, respectively) and aetiology of CAP (14.55 ± 1.61 versus 12.13 ± 1.52 versus 11.54 ± 0.83 versus 11.42 ± 0.93 days in bacterial, mixed, viral and unknown aetiology CAP, respectively, p = 0.3). No other collected variables were associated to TTA. 
Discussion
In the present study, we prospectively analysed the prevalence and the clinical impact of VRTIs on patients with CAP hospitalized at medical wards. VRTIs' prevalence rate we found was as high as 31.9% (95% CI 22.3-41.4%), but fortunately VRTIs did not negatively affect clinical outcome. A recent meta-analysis reported a 22% (95% CI 17-27%) VRTIs' prevalence rate in adults with CAP that rose to 29% (95% CI 25-34%) including only studies where molecular assays were used [31] . Our data confirm that in a real-life setting, including a mixed population of immunocompetent and immunocompromised adults hospitalized for CAP, VRTIs are highly prevalent.
At admission, patients with VRTI had more frequently PSI score IV-IV than those without. Three previous studies (of whom two were retrospective) found an association between VRTIs and PSI class IV/V, but none of them reported on CURB-65 score [13, 25, 32] . Contrary to PSI score, we did not find any relationship between CURB-65 and VRTIs. Reasons why higher classes for risk of severe pneumonia at PSI but no at CURB-65 were associated with VRTI are unclear. One possible explanation might rely on the higher sensitivity of PSI compared to CURB-65 [33] , even if guidelines do not recommend one score over another for patient's discharge [1] .
Additionally, patients with VRTI received pre-admission antibiotic therapy less frequently than those without. This finding may be explained in two ways: first, local and national recommendations are against the use of any antibiotic at the onset of a clinically presumed viral respiratory syndrome; second, a viral respiratory syndrome may actually favour the subsequent onset of a CAP.
Interestingly, in our study CAP radiological features were not affected by the presence of VRTI. This is consistent with observations that, in some instance, viral and bacterial pneumonia may have similar radiological features [34] It is worth noting that, in spite of higher PSI scores in presence of VRTIs, we found no association between VRTIs and need of antibiotic treatment escalation, ICU admission and risk of mortality. Other studies investigating clinical outcomes in the same setting found opposite results. Yoon [25] found that preceding VRTIs do not affect mortality in adults with pneumococcal CAP, while Voiriot et al. [32] reported that mixed bacterial and viral infections are associated with hospital death and/or prolonged mechanical ventilation in ICU-admitted CAP patients. Moreover, some authors used different surrogate endpoints of clinical response, such as length of hospitalization or length of mechanical ventilation. However, these endpoints may be affected by a variety of factors, including the presence of any comorbidity and the development of superinfection, thus not sufficiently clarify the role of VRTIs. On the other hand, as escalation of antibiotic treatment is usually the consequence of lack of response to previous treatment, we evaluated the impact of VRTIs on the need of antibiotic escalation. The interplay between virus and bacteria, spanning from the damage of respiratory mucosa to affecting the normal immune response, has been well described, in vitro and in vivo, for either influenza virus [35] [36] [37] or other viruses, in particular RSV and metapneumovirus [38, 39] In addition, beyond favouring bacterial infection, some respiratory viruses may per se cause pneumonia [40] . Thus, we stratified patients according to the supposed microbiological aetiology and we found that mixed and viral CAP had pneumonia severity at admission, radiological findings and outcomes similar to bacterial CAP. However, the viruses detected in the pharynx may represent only infection of the upper respiratory tract, while lower respiratory tract specimens may be more reflective of the pathogen causing pneumonia [40] [41] [42] . In our real-life cohort, bronchoalveolar lavage culture was performed only when clinically indicated. As only a few patients experienced clinical failure and required ICU admission or antibiotic escalation, invasive procedures were deemed unnecessary in the majority of cases. Additionally, 43% of patients included in our cohort had CAP of unknown aetiology, a finding that could be at least partially explained with previous at-home antibiotic treatment before specimens collection. The limited sample size of patients diagnosed with bacterial/viral/mixed CAP and the lack of lower respiratory tract sampling in almost all cases prevents any firm conclusion on the clinical presentation and outcome of CAP according to the aetiology and deserves further studies.
Influenza virus was the most frequent viral infection we found in our cohort. While the presence of VRTI did not impact on the TTA, negative PCR for Influenza virus was used for early antiviral treatment discontinuation. Indeed, current guidelines recommend universal empirical antiviral treatment in patients with influenza-like illness, whose clinical presentation (i.e. fever plus cough started within the last 10 days) overlaps with that of CAP [28] . On the other hand, VRTI identification was not useful to guide antibiotic treatment, as demonstrated by the lack of association with TTA.
Beyond the lack of low respiratory tract specimens, the other limitation of this study is that we enrolled both immunocompetent and immunosuppressed patients. As immunosuppression is a risk factor for more severe infections (depending on the type and intensity), our data may overestimate the risk of clinical failure. Of note, two out of three patients who died within 30 days from admission for CAP had concomitant immunosuppression.
In conclusion, in spite of high prevalence rates, VRTIs do not negatively affect the outcome of CAP. Further studies are needed to evaluate the clinical presentation and outcome of mixed and viral CAP with respect to bacterial ones in hospitalized patients who do not need intensive care.
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